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During the  last several years,  investigations have been undertaken 
t o  solve the problem of obtaining adequate l a t e h l   c o n t r o l  at  
transonic and supersonic speeds. T h e  experimenkal data have been 

. obtained through the me of different  testing methods, each of which 
has i ts  limitati& with regards to 3uch  factors as Reynolds nrmiber, 
Mach Iu111ber range, and type and s ize  of model. One t es t ing  technique 
cms i s t s  of - f i r i ng  free-flight rocket-propelled test vehicles having 
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preset  deflected ailerons. Frau t raami t ted  reoords  of the flight, 
the v a r i a t i c m  of --tip helix angle and drag coefficient  with 
Mach number are obtained. For free-flight  stability  the RM-5 test  
vehicles must have-three or more wings. 

This paper  presents the resul ts  of a wlnd-tunnel inves- 
t igat ion of -5 test: vehicles, w i t h  two, three, and four wings, 
condxcted t o  determine the validity of applying mul t i -  test  
resul ts  t o  canventional airplane configurations. The RMi-5 t e s t  
vehicles were m o u n t e d  on a fre-oll stfng  support- in the Langley 
h i g h p e e d  7- by 10-foot tunnel and were tested through a speed 
range to a Mach nmiber of about 0.9. 

0 

C 

C 2  - rolling-mament coefficient of the model with deflected 
ailerons (L/qSb) 

/ c ,  \ 

L 

D 

dRIpDirtg-h+roU coefficient - - ( Pbj;Y) 

P ro l l i ng  velocity, radian p e r  second 

. b  , diameter of c i rc le  swept  by wing t i p s  (with regard t o  
r o w  characteristics, this is considered t o  be 
the  effective wfng span of the test vehicles),  feet 

V flre4-etrem velocity, feet per second 

Q 

I 

P IIESB density of air, slugs per  cubic foot 
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M &ch nuuiber (V/a) 

a speed of sound, fee t  per secand 
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6 twice  average aileron def lec t im measured - i n  plane 
perpendicular t o  chord plane and parallel t o  
center line (equivabnt t o  the ,total deflection 
of the  oppositely  deflected ailerms OIL a come- 
t iona l  - ccmffguration), degrees 

commrom 

A l l  tunnel  values of cobfficients and mch nmiber have been 
corrected f o r  blocking caused by  the model and i t s  wake. T h e  blockage 
correctione were c q u t e d  by the methods presented in reference 1. 
The coefffcients have nut been  corrected for the effects  of tares. 
Testa of other stingduppol-ted m a d e b  3 n  the tml have shown the 
tare correctians to   roWgaCanept   coeff ic ients  t o  be negligible. 
The ro lXng  velocit ies have, however, been c m e c t e d  for the small 
bear--fYiction losses. Bkeeflight t e s t a  of wings of the 881118 
order of tors iana l   r ig id i ty  88 those of the  present investigation 
have indicated that corrections of the rolling effectiveness 
parameters for the loss of aileran effectiveness due t o  wing twisting 
can be neglected  (reference 2). . 

The average wing fncidence of the m o d e b  varied frcm " 0 . 1 O  

to O-3O. The tunnel values of - Pb have been approximately c m e c t e d  2v 
t o  00 of wing incidence by applsing the f onowing fncramant : 

T h e  constant in the equatfon is the ratfo of the centers of pressure 
for a i r  load due t o  r o l l i n g  and of attack, based on a i r f o i l  
s t r fp  theory. 
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The rouing-ament coefficients were cmmcted  to  00 of w b g  
incidence by the  relatfonship: 

where the  subscript u indicates that the  values are uncorrected for 
the  effects of incidenoe. 

The general  Pmdament of the R"5 test vehicles used in  the 
investigatiau is sham in figure 1. The models caneisted of a pointed 
cylindrical wood body at the reaz of which  were attached wFngs ' 

having preset f ixad-ailerdy-ge  controls.  The w i n g s  were canstructed 
of laminated spruce with  steel  stiffeners cyclewelded into  the upper 
and lower'wing IJuTfaces. The wtngs were rectangular  in plan form 
and were unawept. 'J?he aspect ra-bio, based on the area of two wings, 
was 3.7, and the e i r f o i l  section was NACA 1&009. The full- 
span, 20-percent-chord aileram, which were formed by deflectfng 
the  section chord line at  the O . & h o r d  line, stmulate s e a b d ,  
faired, plain aileras in actual airplane canstructim. The 
dimensional characteristics of the  test   vehicles used in the present 
investigation are given In table I and figure 1. The. wlng configurac 
t ion  WBB known to have a rapfd reversal of cmtrol  effectiveness 
a t  high subsonic Mach numbers. Models with two, three, and four 
wings were tested. 

1 
I 

T h e  rocket motor was replaced by a s t e e l  shaft which extended 
behind the test  vehicle and was mounted within a fre+roll  st ing support 
located downstream frcm the test-sectian. (See fig.   2.)  A more 
crarrplete description of' the free-roll   testing equipment. is given in 
reference 3 .  Rol l ing  mQnents and drag were measured with the m o d e b  
restrained in ro l l ,  and the rolling velocities were electr ical ly  
recorded with the m o d e h  free t o  roll. Frau these measured data, 
rolling-mclment and drag coefficients, wing-tip helix angles, and 
damping-%roll coefficients were obtained fo r  the Mach nmiber 
m e  frm 0.5 t o  0.9. 

The size of the models used in the investigaticm  resulted in an 
estimated choking Mach  number of 0.94, and the tunnel data are  
believed t o  be re l iable  t o  a corrected Mach  number of about 0.91. 
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The variation of Reynolds number with Mach  nrnnber f o r  average 
test  conditions is presented in figure 3 .  The Reynolds numbers a re  
based OR the ayerage wing chord of 0.59 foot.  

Wing-Ailercm X3olJA.q Effectiveness 

The variatians of wing-tip helix angle per twice  the average 

aileron  deflection pb/2v with Mach number are presented. in  figure 4 
6 t 

for the two-,  three-, and four-wing test vehicles. The hel ix  
angles are expressed as a function of twice  the average ai leran 
defbc t ion  t o  represent the helix angle  resulting fram a lo total 
aileron  deflection  (the summation of the oppositely deflected 
aibrom) 011 a conventional tw- configuration. The test 
points  are  presented ' for  the three-wfng arrangement to show the ' 

sca t te r  of test   points.  The scatter  for  the  other models wag about 
the ~ a m e  and, f o r  c lar i ty ,   the  test points are not  presented. The 
three models showed a large and rapid loss of rollFag effectiveness 
a t  high transonic Mach numbers. This loss of r o l l i n g  effectiveness 
occurred at progressively lmer Mach  numbers as the number of 
w i n g s  was increased. The two-wing model did not e&ibit a 
reversal of effectiveness for the speed range t e d e d .  The t h e +  
w i n g  data showed that a reversal m8 indicated a t  a Mach mmber  
slightly above the highest Mach number attained (M = 0.91). The 
test resu l t s  showed that the fo-g model embi ted .  a 
reversal of aileron effectiveness a t  a Mach nrmiber of about 0.88. 

Throughout the Mach n W e r  range investfgated the values of 

decreased 8 s  the  nmber of wings was increased. For hfach nmbers 
108s than about 0.8, the  greatest loss in  rolling  effectiveness 
is noted when the tw- and thre- resul ts  m e  cnmpared. The 
additi- of a fourth wing gave resul ts  only sl ight ly  lower than 
the thre-wing values. 

PWm 
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These results indicate that  the use of three or  four wings 
an t e s t  vehicles, a necessfty t o  provide  fre+flight stabilTty, 
appears t o  give  pessimistic values of rolling effectiveness and 
lower values of Mach  number a t  which ccanpres~ibil~tg.effects are 
noted. The data a lso  show that it is desirable t o  m e  a three-wtng 
model in f ree  flight in preference t o  a fo" vehicle if 
the data a r e   t o  be applied t o  conventional  airplane  canfiguratians, 
especially for configurations that exhibit marked ccmpressibility 
effects . 
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RoUing-Mment C oef f ic  ient s 

The effects of' Mach  number and number of wings on the 
rouing+nament  coefficients (based on total wing area) a r e  generally 
similar t o  those  exhibited by the r o ~ - e f f e c t i v e n e s s  curves, 
although  the  decrease in roUing+atmnt coefficient  varied more 
nearu   l inear ly  with  increasing number  of w i n g s  for the Mach num- 
ber range covered in  the  investigation (fig.  5 ) .  The roll ing- 
mcanent coefficients decreased s l ight ly  with increasing Mach 
number below M w 0.85, and then decreased rapidly  with  further 
increases in Mach nunber. T h e  rapid loss in Cz occurred a t  
progressively lower Mach numbers a8 the number of w i n g s  was 
increased. RoUingaxment reversah occurred. a t  Mach numbers of 
about 0.91 and 0.88 far the three- and four-wing models, respec- 
t ively.  The t- model did  not  exhibit a reversal in 
t he   t e s t  rage. 

D ~ i n g - M o l l  Coefficients 

The var ia t icm of the damping-in+oll coefficients  wlth Mach nuniber 
is presented in figure 6. For the  three m o d e l a  teated, the d a t a  
indicate the CzP decreased slightly  with increasing Mach Tllzniber up 

t o  a Mach  number  of about 0.75, and then generally increased  with 
further  increases in Mach nuuiber. Values of C for MEtch numbers 

greater than 0.85 are not presented because the detemninaticm of C 2  

at the higher Mach nmibers becarnee very inaccurate because of the 
rapid  variations of rolling mcment and rolling  effectiveness  with Mach 
number. The agrement between the results of the tar- and thewing 

2P 

P 

. models is good, but  ,the C values of the f m n g  a d e l  were 

only about 80 percent of those of the twcLwing or three-wing 
arrangement a 

2P 

D r a g  PlIeasurements 

Since drag tares could not  readily be determined, the drag of 
a test  vehicle without wings wa8 measured for the Mach  nuniber range 
and- incraments of drag coefficient-(drag  coefficient of m o d e l  lees 
dra,g coefficient of body)  -re ccsmputed. ~ These -increment8 are 

. presented in figure 7. The effects of increasing the number of 
wings on bc were generally the 8 m  as were e a i b i t e d  by 

the roll3ng-effectivenese  curves. T h e  drag-coefficient increments 
of the  three-wing model 858 considerably larger than that of 
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the t d n g  model. The. addition of the fourth wing r e s a t e d  
in  c d y  8 sl ight  further increase in the m g  incrementa f o r  Mach 
numbers less than about 0.8. T h e  drag data exhibit large increases 
at  the higher Subsonic Mach mmibers a n d .  the breaks in the curves 
occurred at  progressively lower Mach numbers as the number of wings 
Was increased. 

I 

 he resul ts  of a ."tunnel h V 0 B t i g a t i C t n  crp .several &5 
test  vehicles performed to determbm the effects of  number of w f n g s  
on the aileron  rolling  effectiveness ahawed that increasing 
the number of wings resulted in a decrease in rolling e f f e c t i v s  
ne6s. The effects of ccanpressibility  occurred a t  progressively 
lower Mach numbers as the number of wings was increased fYm. 
two t o  four. Since  three or  mme, wings mut %e used far fre- 
f l igh t   s tab i i i ty ,  %he results  inaicate that a thr-wing t e s t  
vehicle should be used in fr- f l i gh t  in preference t o  a fo- 
model if the t e s t  results are to be applied t o  conventianal a m l a n e  
cd. igurat ions.  

Iangley Aeronautical Iabaratary 
National Advisory Canmrittee far Aeranautics 

Iangley A i r  Force Bass, Ba. 
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DIMENSIONAL, CHARACTERISTICS 

A i r f o i l  section . . . . . . . . .  
Span, in. . . . . . . . . . . . .  
kea (one wing), S q  fn. . . . . .  
Aspect r a t fo  . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . .  
Sweptback, quarter chord, deg . . 
A i l e r o n  span . . . . . . . . . .  
A i l e r o n  chord, percent w i n g  chora 

Average aileron deflection, deg: 

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  
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Figure 2.- Photograph of an RM-5 t o s t  vohiclcl molulted on t l l e  *eo-roll stiw support i n  the 
Langloy 1~igI~:pctod 7- by l&foot tunnel. 
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Figure 3.- Variation of' average Reynolds number w i t h  Mach number. 
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Figure 4.- Effect of number of wing8 on t h e  variation of rol l fng 
effeotiveness with Mach nuniber. 
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Figure 5.- Var ia t ion  of rolling-mament coefficient w f t h  Mach number. 
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